This paper reviews the economics of these open access models, while drawing attention to the consequences of this market stratification for access to knowledge and the sustainability of scholarly publishing as a whole.
open access, whether through archiving or by the journal, appear to be read more often in the short term (Davis, Lewenstein, Simon, Booth, & Connolly 2008) . and cited more frequently with time (Hitchcock 2008) , attesting to their increased contribution or value within the literature. The open access journal PLoS Biology, rising to the top of the life sciences in Journal Impact Factor in less than two years of publication, put to rest apprehensions about open access as a threat to the quality of knowledge and the recognition it receives (Kennison 2005 ).
Open access is also increasing the value of knowledge through a number of other channels, including publishers' generous agreements providing developing countries with free or deeply discounted access to a wide array of journals (Willinsky 2006, chapter 6) ; the use of open access research by government policymakers (Willinsky 2003) and by professionals in other fields (Willinsky & Quint-Rapoport 2007) ; and the contribution that open access is making to the educational quality of public knowledge resources such as Wikipedia .
In this paper, I focus on the journal publishers and the economics involved in the various forms that open access has taken since the early 1990s. The journal market-which has been estimated to run to $7 billion annually for English-language research in science, technology and medicine alone (Ware 2006 )-can be said to be made up of three relatively distinct publishing economies, which I am identifying as independent journals, scholarly society publishers, and commercial publishers.
3 All three segments publish peer-reviewed journals in pretty well all disciplines and subfields. Nor are these segments distinguished by the quality or the quantity of the work that individual journals publish (as difficult as it is to compare such factors across disciplines and publishers). Rather, what sets the segments apart is the cost structure historically associated with their publishing activities. In an odd economic turn, then, the price charged for a journal is more closely associated with the segment that publishes it than with either the quantity or quality of the journal's content. 4 And it is this stratification that is shaping the economics of open access.
While it may seem on the surface that open access is simply an attempt to overcome price barriers, making research available to everyone on the same basis, each market segment is approaching open access as a means of sustaining if not extending its market position. This means that current developments in open access are not addressing what has already been declared on more than one occasion as "unsustainable" about scholarly publishing in its present quality of research, with the result that ownership of artifacts is transferred to the private sector, while state and patron costs go up. 4 It is a case of price discrimination meeting monopolistic competition. Each segment places a different range of prices on monopolistically held goods of the same value. In terms of quantity, for example, Bergstrom and
Bergstrom found across six disciplines, from ecology to physics, that commercial publishers were charging institutional subscribers from three to nine times more per-page than societies at the turn of the twentieth century (2004, p. 897) . In terms of quality, they found that the average per-citation cost for commercial journals can be five to more than ten times higher than it is for society journals, as a journal that is cited more frequently has a lower percitation cost compared to a comparably priced, less-cited title (ibid.). Also on the question of quality, Bergstrom 4 form (Byrne 2003; Davies & Greenwood 2004; Leonard et al. 2004) . As the economics of open access is about the interests and means by which each of these three scholarly publishing segment operates, let me say a little more about each segment at this point.
1. Independent Journals. The oldest, if smallest segment, at this point, among publishing interests is represented by the individual scholar or groups of scholars who decide that a journal is needed or perhaps some other service that aids in the circulation of scholarly work. The independent journal has tended to operate on a shoestring, as the publishing process has within the context of the editors' work, as well as that of authors and reviewers, within a university. It is driven by the labor of scholars interested in helping colleagues in their area get their work out in ways not otherwise possible, setting minimal subscription prices which are intended to establish as wide a market as possible. These groups can, and often have, evolved into scholarly societies; they have at other times had their journals picked up by commercial or university presses. Raym
Crow estimates that 15% of journals fall into this category of independent titles, based on his study of Ulrich 's Periodicals Directory (2005) . They have, as well, persisted in this independent sense in ways that have proven vital to open access publishing. And in the beginning, Henry
Oldenburg started editing the Philosophical Transactions on this principle (as well as to draw some personal income, as he did not have a university or other paid position), with the Royal Society of London permitting him to use their "transactions," while declining to take on the role of publisher of this still-running journal until well into the eighteenth century.
2. Scholarly Societies. The next segment historically and in size in journal publishing is the scholarly society or association which typically forms around a disciplinary interest. Such societies publish journals as a service to their membership, to assert their expertise, and as a means to at least potentially generate a surplus, through sales to research libraries, to cover such expenses as the society's professional staff. Societies account for roughly 40% of the journals published today, with the vast majority of societies publishing single titles (Crow 2005 contribution of this scholarly work in the digital era. This is not the paper to consider these larger principles, although its analysis of the economics of open access is intended to have the valueadd, we might say, of bringing these economic discrepancies to the fore.
THE INDEPENDENT ORIGINS OF OPEN ACCESS
Open access emerged in the 1990s out of the tinkering of scholars and groups of scholars, who found that they had everything to gain through their ability to use their networked computers to Of course, Glass and Ginsparg did not have scholarly societies to sustain or corporate shareholders to appease, nor did they have overhead expenses or staff payrolls to meet. They had only an interest in furthering the scholarly circulation of knowledge on the principle that this is what their work is about. They did not imagine that the "information just wants to be free," but understood that the resources which they needed to make this knowledge available fell within the scope of the work sponsored by government, foundation and (largely tax-exempt) institutions in the name of learning.
11 I first contacted Gene Glass in 2001 as part of a survey of editors that Larry Wolfson and I were conducting on the costs of moving a journal to electronic publication. Gene responded almost immediately to our detailed inquiry about cost structures with the simple but effective "Zero, nada, no budget, no grad assistant, no secretary" (G. Glass, personal communication, February 2001) . No one else in our survey was publishing on that basis, but his example inspired us to make it possible through open source software for others to follow suit (Willinsky & Wolfson 2001, n. 6) 
SELF-ARCHIVING OPEN ACCESS
The most promising aspect of authors archiving a copy of their published work in an open access repository is that this approach open access is its ability to cut across the three segments, without seeming to disturb current economic models or practices. In the longest-standing instance, with arXiv.org, for example, the publishers of the relevant physics journals report that they have experienced no greater decline in journal subscriptions than is happening more generally, as a result of the proliferation of titles and the increases in prices (intended to compensate, in part, for subscription losses). 12 Self-archiving was also the first of the open access initiatives to benefit 12 A representative of the American Physical Society, with 14 journals of which three are covered by the content in arXiv.org, reported to Alma Swan that arXiv.org had not had an effect on subscriptions but that there had been "an overall decline of an average of about three percent a year (less lately) across all journals since the 1960s," and the 11 from the development of open source software systems, in the form of Eprints.org released by the University of Southampton in 2000, which made freely available the means for libraries and others to set up such archives (Tansley & Harnad 2000) .
Out of a recognition that at least some authors were archiving their work on their own websites, and that this seemed unlikely to hurt subscriptions, publishers began to include a right to do so within the copyright transfer policies that authors were asked to sign. At this point, just over half the publishers in a sample of 461, grant authors the right to post a peer-reviewed version, while an additional 12% allow posting of the version submitted to the journal. has not changed" (Swan 2005 To say they form an alternative to corporate market models would belie the contribution that Google Scholar, for example, plays by leveling the indexing playing field and increasing the global presence of this work. These are mixed economies (think, too, of the hardware involved),
with the measure at issue not ideological fidelity but the means of affording increased access to knowledge.
OPEN ACCESS SCHOLARLY SOCIETY JOURNAL PUBLISHING
With scholarly society publishers, the largest instance of open access arises as a result of the However, society journals face increasing competition from the major commercial publishers whose journals, while more expensive, are often bundled in ways that take up an increasing proportion of the library's acquisitions budget (Prosser 2004) . As noted, some societies find it easier to turn their titles over to these publishers rather than competing against them. Still, alternatives to this route, which typically result in increased subscription fees for society titles, are being proposed from within the library community, including Crow's business plan forming publishing cooperatives among scholarly societies (2006). These cooperatives would manage to addresses the societies' lack of market presence, undercapitalization, lack of staff resources and risk aversion. I would take the cooperative idea a step further by recommending that societies form publishing cooperatives in association with research libraries as a more efficient and stable means of meeting the publishing costs of the society's journal, To cover its publishing costs and generate a profit, it drew on the long-standing practice in the sciences of levying "page charges" which was originally intended to supplement subscription (Suber, 2007) . 29 Whether this will form a pattern that the commercial publishers follow remains to be seen.
One interesting variation of the article-processing fee might be termed the entire subdiscipline processing fee. The particle physics community has launched an experiment by the address the stratification of cost levels, and how the academic community will continue to support the shift to the much higher pricing models of commercial publishers.
To be fair, the commercial publishers are prepared to explain the value they bring to scholarly publishing. The International Association of STM Publishing offers a good number of reasons why the cost of published research articles runs between $1,500 and $4,000. The association points to "the collective investment of hundreds of million of euros in electronic developments," as well as how "where editorial administration takes place within the university, it is usual for the costs to be charged back to the publisher"; it reminds readers that "profits are a major source of reinvestment and innovation" while "society publishers frequently use surpluses from journals to support other activities such as conferences, travel and research grants or public education"; then there is the "3-7 year investments in the development of new journals around which emerging scientific communities seek to coalesce" as well as the additional review management costs for those journals that have a very high rejection rate, when only accepted articles will pay the article processing fee (Overview 2008, pp. 6-8) . All that is missing from these explanations is an awareness of the degree to which these publishing services-namely, "registering, certifying, formalizing, improving, disseminating, preserving, and using scientific information" (Overview 2008, p. 3)-are being offered at very different rates in the current journal economy, just as independent journals and small-scale society publishers are no less committed to "making long-term investment in publications around which emerging, and established scientific communities coalesce and evolve" (ibid.).
It may be unreasonable to expect major commercial publishers, having worked this hard and smartly to capture a significant portion of scholarly publishing over the course of the last half-century, to abandon all that they have achieved. And yet the 2008 economic crash is bound to alter publisher expectations and entitlement rights, given how the chill is bound to hit libraries no less than the rest of the economy, just as the extent of this recession may well alter the regulation and protection of such areas of public trust. As things stand, the academic community needs to better represent its own interests by insisting that the story told about open access by major publishing organizations is not the whole or only story for scholarly publishing. The academic community need only hold up the viable alternatives to which scholarly societies and independent journals, research libraries, and university presses are turning to increase access to this knowledge at low to moderate costs. To that end, a number of us will continue working on Which is only to say that the more basic and fundamental question for the future of scholarly publishing is not whether open access is sustainable. Rather, the sustainability question is far more about the economic stratification that emerged in the years leading up to online publishing and open access, and whether it should continue unexamined and unchallenged in the digital era. Historically, a change of publishing mediums on this scale alters the production economy. It is too much to expect, one imagines, changes in this case entailing some rationalization of the billions invested in scholarly publishing based on reducing current discrepancies in publishing cost structures among the three segments. At the very least, my hope is that communication scholars and their societies will be at least as quick to turn to innovative research libraries as to commercial publishers in discovering the new best terms by which this public good is cultivated, circulated, and built upon.
